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57 ABSTRACT 

Heparin compositions having an antithrombotic activity and 
Virtually no hemorrhagic activity are presented. The object 
of the invention is to eliminate the risk of bleeding associ 
ated with heparins while retaining their main properties. The 
compositions of the invention (S1, S2, S3) therefore consist 
of heparin moieties such as those obtainable by the in vitro 
neutralization of a heparin with a protamine. The invention 
also concerns a method for the preparation of these compo 
Sitions which are useful in preparing medicaments. 

22 Claims, 1 Drawing Sheet 
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ANTITHROMBOTIC AND NON 
HEMORRHAGIC HEPARIN-BASED 

COMPOSITIONS, PROCESS FOR THEIR 
PREPARATION AND THERAPEUTIC 

APPLICATIONS 

The present invention relates to heparin-based composi 
tions as well as to a process for their preparation and to their 
therapeutic applications. 

The invention relates more particularly to heparin-based 
compositions neutralized with protamine, having antithrom 
botic activity but largely devoid of haemorrhagic and anti 
coagulant activities. 

Heparins have been known and used for many decades 
for the preparation of medicaments with antithrombotic 
and/or anticoagulant activity intended in particular for the 
preventive and curative treatment of venous and arterial 
thromboses or alternatively for preventing the activation of 
coagulation in extracorporeal circulations. 

It has for many years been known how to prepare low 
molecular weight heparins, which always have antithrom 
botic activity but whose anticoagulant activities are reduced. 

Nevertheless, as regards either non-fractionated heparins 
or low molecular weight heparin, the risk of haemorrhage 
remains the main complication of heparin-based treatments. 
AS a result, there is a considerable limit on the use of 
heparins, which are contraindicated in particular in patients 
with a predisposition towards haemorrhaging, patients Suf 
fering from duodenal or gastric ulcers or alternatively 
patients who have recently undergone a Surgical 
intervention, in whom antithrombotic treatment with heparin 
may lead to haemorrhaging. 

Consequently, the advantageous properties of heparins, 
namely their antithrombotic or anticoagulant activity, cannot 
be correctly exploited on account of their considerable side 
effects associated with this permanent risk of haemorrhag 
ing. 

When haemorrhages occur during treatments with 
heparin, the treatment makes use of protamine Sulphate 
which brings about the in Vivo neutralization of the heparin. 

Although protamine has been used in this way for many 
years, the mechanism by which heparin is neutralized by 
protamine is not well known. A relatively recent Study has 
shown simply that low molecular weight heparins were 
neutralized to a lesser degree than non-fractionated heparins 
(“In Vitro Protamine Neutralization Profiles of Heparine 
Differing in Source and Molecular Weight”, SEMINARS IN 
THROMBOSIS AND IN HEMOSTASIS, vol. 15 No. 4, 
1989). 

The problem which the present invention aims to solve is 
thus one of reducing the considerable risk of haemorrhaging 
outlined above, which limits the therapeutic use of heparins. 

The aim of the invention is, more precisely, to eliminate 
the risk of haemorrhaging associated with heparins as much 
as possible while at the same time retaining their main 
properties, in particular the antithrombotic activity. 

Thus, the aim of the present invention is to provide 
heparin compositions which have very advantageous phar 
macological properties, in particular antithrombotic 
properties, which are essentially equivalent to those of the 
heparins used hitherto, without therewith exhibiting the 
major drawback which lies in the considerable risk of 
haemorrhaging. 

Another aim of the present invention is also to provide a 
proceSS for the preparation of Such compositions which is 
Simple to carry out and inexpensive, moreover allowing 
their therapeutic applications to be developed. 
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2 
The invention is also directed towards the therapeutic 

applications of these compositions. 
These aims are achieved using heparin compositions 

according to the invention which have antithrombotic activ 
ity and are Substantially free of haemorrhagic activity. These 
compositions are characterized by the fact that they consist 
essentially of heparin fractions as obtained by the in Vitro 
neutralization of heparin with protamine. 

The expression heparin fraction neutralized with prota 
mine is understood to refer to any fraction derived from a 
native or already fractionated heparin, or from a Synthetic 
heparin, whose haemorrhagic power has been neutralized by 
the action of protamine or any analogue or equivalent 
thereof having a Similar capacity to reduce the haemorrhagic 
power. 

The compositions according to the invention advanta 
geously consist of heparin fractions as obtained by the in 
Vitro neutralization of a non-fractionated heparin or of a low 
molecular weight heparin, with protamine. 

According to one embodiment of the invention, the 
composition consists of heparin fractions, 25% of which 
have a molecular mass of less than 2.5 kDa and 40% of 
which have a molecular mass of greater than 20 kDa. 

According to another embodiment of the invention, the 
composition consists Solely of heparin fractions having a 
molecular mass of less than 2.5 kDa. 

In other embodiments the heparin fractions have a 
molecular mass Spectrum which depends on the modes of 
neutralization with protamine that are used. 

The compositions in accordance with the invention are 
Substantially free of protamine. 

The invention also provides a proceSS for the preparation 
of the abovementioned compositions, characterized in that it 
comprises a step of in vitro neutralization of heparin with 
protamine. 

The inventors have discovered, Surprisingly, that the 
haemorrhagic activity of heparin can be neutralized in vitro, 
in particular using protamine, while at the same time retain 
ing its antithrombotic properties. 

More precisely, the proceSS according to the invention 
consists in reacting, in Solution, a heparin with protamine, in 
particular in the form of a protamine Salt, according to 
variable heparin/protamine ratioS. 

According to a preferred embodiment of the invention, a 
heparin Solution is mixed with a Solution of protamine Salt, 
preferably at room temperature, the mixture obtained is 
centrifuged and the Supernatant is collected. 

According to the invention, the term heparin Solution 
refers to a Solution of native or already fractionated heparin, 
or of Synthetic heparin. 

The protamine Salt advantageously consists of protamine 
Sulphate. 

According to the invention, any protamine analogue or 
equivalent which has a similar capacity to neutralize heparin 
and thus to reduce the haemorrhagic power can be used. 

The Supernatant may then be freeze-dried. 
The heparin to be treated and the protamine may be used 

in different ratios which lead essentially to elimination of the 
risk of haemorrhaging which is associated with heparins. 

The proceSS comprises the Step of neutralizing a heparin 
with protamine or an equivalent, preferably in heparin/ 
protamine proportions of from 2/1 to 1/2. 

According to one embodiment of this process, the 
heparin/protamine ratio is about 1/1. In this case, heparin 
compositions comprising fractions, at least 25% of which 
have a molecular mass of less than 2.5 kDa and at least 40% 
of which have a molecular mass of greater than 20 kDa, are 
obtained. 
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According to another embodiment of the invention, the 
heparin/protamine ratio is about 1/2. In this case, heparin 
compositions essentially comprising fractions having a 
molecular mass of less than 2.5 kDa are obtained. 

According to the process in accordance with the present 
invention, protamine-free heparin compositions are 
obtained. 

Pharmacological Study of the heparin compositions of 
the invention has made it possible to demonstrate, 
Surprisingly, that they are Substantially free of haemorrhagic 
activity and, in parallel, retain their antithrombotic property. 

This pharmacological Study also demonstrated, 
Surprisingly, that the heparin fractions obtained by neutral 
ization with protamine in accordance with the invention 
exert antithrombotic activity which increases as the doses 
administered increase, without increasing in parallel their 
haemorrhagic or anticoagulant activity. 

Another experimental procedure made it possible to 
show that the compositions according to the invention are 
capable of inhibiting the hydrolytic activity of human leu 
cocyte elastase more effectively than non-fractionated hep 
arin. The Suppression of the risk of haemorrhaging, in 
accordance with the invention, makes it possible to envisage 
administration via a parenteral route or via a broncho 
pulmonary route as an aerosol, in the treatment of certain 
broncho-pulmonary complaints which may involve an 
excess of leucocyte elastase, Such as acute respiratory dis 
treSS Syndromes, mucoViscidosis, and obstructive chronic 
bronchopneumopathies. 

The heparin compositions according to the invention, 
which are stable and non-toxic, may be employed for the 
preparation of medicaments which are useful in various 
therapeutic applications. These applications are those of 
heparin and of its Standard derivatives, including cases 
where heparin is contraindicated on account of the risk of 
haemorrhaging which the patient presents. They may serve 
in particular for the preparation of medicaments for the 
treatment and prevention of venous or arterial thromboses or 
alternatively for preventing the activation of coagulation in 
extracorporeal circulation. 

The invention thus relates also to pharmaceutical com 
positions comprising a therapeutically effective amount of a 
heparin composition according to the invention as described 
above, in combination with a pharmaceutically acceptable 
vehicle. 

These may be, for example, antithrombotic pharmaceu 
tical compositions or alternatively compositions for inhib 
iting the hydrolytic activity of human leucocyte elastase. 

The heparin fractions of these compositions may be 
placed in the form of a pharmaceutically acceptable Salt 
according to Standard processes. 

The pharmaceutical compositions according to the 
invention are advantageously injectable formulations 
intended in particular for parenteral administration. 

For other applications, Such as the inhibition of leucocyte 
elastase, formulations which are Suitable for broncho 
pulmonary administration are advantageously provided. 

Other characteristics and advantages of the invention will 
become apparent on reading the examples given below by 
way of non-limiting guide, with reference to the attached 
drawings, in which: 

FIG. 1 is a comparative graph of the haemorrhagic 
activity of non-fractionated heparin, of low molecular 
weight and non-haemorrhagic heparin of the heparin com 
positions according to the invention (S1, S2, S3); 

FIG. 2 is a comparative graph of the antithrombotic 
activity of non-fractionated heparin, of low molecular 
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4 
weight heparin and of heparin compositions according to the 
invention (S1, S2, S3). 

EXAMPLES 

Products used: Standard heparin (LEO), protamine Sul 
phate (CHOAY) and low molecular weight heparin, 
“Enoxaparine”, marketed under the name “Lovenox' 
(PHARMUKA). 

EXAMPLE 1. 

Preparation of Supernatant S1 

14.4 ml of a Standard heparin Solution having a titre of 
72,000 IU (480 mg) and 48 ml of a protamine sulphate 
solution having a titre of 48,000 HAU are prepared. These 
Solutions are mixed together at room temperature. The 
heparin/protamine ratio is then 1:1, that is to say that 1 mg 
of heparin is neutralized with 1 mg of protamine Sulphate. 
The mixture thus obtained is centrifuged for 10 minutes 

and the Supernatant is recovered and freeze-dried. 

EXAMPLE 2 

Preparation of the Supernatant S2 

The proceSS is carried out as described in Example 1, 
using 9 ml of a standard heparin solution (i.e. 45,000 IU,300 
mg) and 60 ml of protamine Sulphate (i.e. 60,000 HAU). The 
heparin/protamine ratio is then 1/2, that is to say that 1 mg 
of heparin is neutralized with 2 mg of protamine Sulphate. 

EXAMPLE 3 

Preparation of the Supernatant S3 

The process is performed as described in Example 1, 
using 4 ml of a Solution of low molecular weight heparin, 
“Enoxaparine” (Lovenox), (i.e. 400 mg) and 40 ml of 
protamine sulphate (i.e. 40,000 HAU). The heparin/ 
protamine ratio is then 1/1, that is to say that 1 mg of low 
molecular weight heparin is neutralized with 1 mg of 
protamine Sulphate. 

BIOLOGICAL CHARACTERIZATION 

Molecular mass distribution 

TABLE I 

Supernatant S1 obtained according to Example 1 - 
Molecular mass distribution expressed as a 

percentage 

Molecular mass UV R 

>20 kDa 43.3 47.3 
16-20 kDa 2.7 4.45 
12-16 kDa 4.5 7.65 
8-12 kDa 9.7 13.85 
5-8 kDa 8.13 11.8 
2.5-5 kDa 6.36 10.3 
<2.5 kDa 25.16 4.65 

XE - 99.85 X = 100 
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TABLE II 

Supernatant S2 obtained according to Example 2 - 
Molecular mass distribution expressed as a 

percentage 

Molecular mass UV R 

>20 kDa 
16-20 kDa 
12-16 kDa 
8-12 kDa 
5-8 kDa 
2.5-5 kDa 
<2.5 kDa 

X = 100 X = 100 

Ultraviolet absorption spectrum for the Supernatant S1 
(Example 1) 
A Solution diluted to /20 shows two absorption peaks at 

the following wavelengths: 
212 nm: OD=3.47 and 271.5 nm: OD=2.22 
Titration of the Supernatant S1 (Example 1) 
Before freeze-drying the Supernatant S1 prepared accord 

ing to Example 1, each flask contains 0.7 ml of Supernatant 
Solution. 12 identical assays were carried out in order to 
check the reproducibility: the results are given in Table III 
below: 

TABLE III 

Mass of heparin 
FLASK per flask AZUREA A-Xa A-IIa 
No. (mg/0.7 ml) (IU/mg/ml) (IU/mg/ml) (IU/mg/ml) 

1. 23.43 84 61 32 
2 23.43 83 54 29 
3 22:41 84 62 32 
4 22.53 83 58 3O 
5 23.50 86 63 3O 
6 24.20 83 56 28 
7 21.70 86 62 29 
8 23.30 83 61 31 
9 22.OO 85 63 3O 
1O 20.70 83 58 32 
11 21.30 85 57 28 
12 20.80 8O 54 3O 

M. DS 22 - 1.2 84 2.2 59 3.3 30 1.4 

AZURE A: Method of Klein M.D. et al. 
A-Xa: Chronometric assay of the heparin (Hépadot Laboratoire Stago) 
A-IIa: Aminolytic method 
- Protein assay 
The proteins in the supernatants S1 and S2, prepared according to Examples 
1 and 2 respectively, are assayed according to the Pierce method (Pierce 
Laboratory reagent kit). 

The results are given in Table IV below: 

TABLE IV 

PROTEIN CONCENTRATIONS 
SOLUTIONS (ug/ml) 

S1 (2 mg/ml) 3.2 
S1 (1 mg/ml) <1 
S2 (2 mg/ml) 29.9 
S2 (1 mg/ml) 11.2 
LOVENOX (2 mg/ml) 8.6 
LOVENOX (1 mg/ml) 6.7 

Electrolyte composition (mEq/1) 
The electrolyte composition of the Supernatants S1 and S2 

is given in Table V below: 

1O 
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TABLE V 

Na K 

S1 24 0.55 
S2 18 O.21 

Determination of the pH 

TABLE VI 

Solutions pH 

S1 5.57 
S2 4.52 

PHARMACOLOGICAL STUDY 

A. Experimental Studies in rats in a model of venous 
thrombosis induced by Stasis and a model of induced haem 
orrhage: 

Studies were carried out according to the method 
described by C. Doutremepuich et al., “Experimental 
Venous thrombosis in rats treated with heparin and a 
low molecular weight heparin fraction', Haemostasis, 
13, 109–112 (1983). 

a. Curative model (Subcutaneous injections two hours 
after induction of the thrombosis). 
Two Studies were carried out according to the following 

procedure: 
T0: ligation of the vena cava 
T0+2H: Subcutaneous injection of the solutions 
T0+5H30: induction of the haemorrhage 
T0+6H: samples taken (blood and clot) 
The results obtained after the first study are collated in 

Tables VII and VIII below: 

TABLE VII 

Weight of 
clot (mg) IHT (sec) CKT (sec) DTT (sec) 

Control 5.54 - 1.54 O8 - 20 196 - 1.3 19.4 - 0.5 
Heparin .76 O.53* 42O OO* 18O.O O* 18O.O O* 
(2 mg) 
S1 2.90 O.88* 41 - 36 23.2 - 18 20.5 + 1.5 
(2 mg) 
S2 4.19 - 1.07 23 32 21.4 + 2.1 19.6 1.4 
(2 mg) 
Lovenox 3.03 - 0.72* 53 + 48 25.2 + 2.1 20.8 - 0.9 
(2 mg) 
Heparin 4.18 1.06 44 - 60 25.9 + 2.6 21.5 + 1.0 
(1 mg) 
S1 4.68 - 0.91 22 - 28 23.1 : 1.7 20.5 + 1.5 
(1 mg) 
S2 4.55 - 1.48 23 34 21.3 2.1 19.7 1.2 
(1 mg) 
Lovenox 484 - 0.94 46 - 40 21.6 2.0 20.0 - 1.5 
(1 mg) 

IHT: Induced haemorrhage time 
CKT: Cephalin kaolin time 
DTT: Dilute thrombin time 
* = p < 0.05 (Mann Whitney test) 
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TABLE VIII 

White Red 
Platelets corpuscles corpuscles 
(x10/1) (x10/1) (x10'?) 

Control 538 220 5.7O 3.27 7.40 - 0.39 
Heparin 684 241 4.25 + 1.80 7.71 - 1.06 
(2 mg) 
S1 589 222 4.07 - 2.06 7.61 - 0.71 
(2 mg) 
S2 546 155 461 - 2.73 7.53 O.97 
(2 mg) 
Lovenox 606 - 113 3.45 - 1.98 7.81 - 0.99 
(2 mg) 
Heparin 692 - 263 5.02 - 3.25 7.71 - 1.05 
(1 mg) 
S1 575 i2OO 4.23 - 1.68 7.26 - 0.39 
(1 mg) 
S2 6OO 242 4.21 - 2.70 7.46 - 1.15 
(1 mg) 
Lovenox 621 188 5.47 - 2.62 7.88 O.81 
(1 mg) 

This first study shows that heparin neutralized in vitro 
with protamine in a heparin/protamine ratio of 1/1 leading to 
the Supernatant S1 exerts, at a dose of 2 mg, quite consid 

15 

8 
It is seen from the results obtained that the antithrombotic 

activity of fractions S1, S2 and S3 according to the invention 
increases as the doses administered increase. 

If we refer to the dose-effect curves, established for doses 
ranging from 2 mg/kg to 10 mg/kg, it is Seen, in FIG. 1, that 
irrespective of the type of heparin treated in accordance with 
the invention, the heparin fraction obtained has haemor 
rhagic activity Similar to that of the control group, even at 
the highest doses. The non-fractionated heparin and the low 
molecular weight heparin (Lovenox), which is not neutral 
ized with protamine, according to the invention, have con 
siderable haemorrhagic activity when compared with the 
heparin fractions of the invention. 

FIG. 2 shows that the heparin fractions obtained accord 
ing to the invention have advantageous antithrombotic activ 
ity. In the case of fraction S1 (heparin/protamine ratio of 
1/1), this activity is comparable to that of non-neutralized 
heparins in accordance with the invention. 

b. Preventive model (subcutaneous administration one 
hour before induction of the thrombosis). 
The study was carried out with the Supernatant S1 

(Example 1) according to the following procedure: 
TO: Subcutaneous injection of the solutions 
T0+1 hour: induction of the stasis 

erable antithrombotic activity which is comparable to that of 25 T0+24 hours: samples taken (blood and clot) 
non-neutralized heparin and to that of Lovenox (low The results obtained are given in Table X below: molecular weight heparin), whereas the anticoagulant activ 
ity and the haemorrhagic activity are only weakly increased. TABLE X 

The Supernatant S1 has no effect on the blood cells. 
Moreover, the Supernatant S2, obtained by neutralization 30 Weight of 

according to a heparin/protamine ratio of 1/2, exerts no clot (mg) CKT (sec) DTT (sec) Ti (sec) 
haemorrhagic activity but possesses reduced antithrombotic Control 5.13 - 1.03 19.5 + 0.4 18.7 - 0.6 19.8 0.83 
activity. Heparin 3.40 O.F.O. 20.7 O.4 19.3 O.8 19.8 1.30 
The results of the second study are given in Table IX (4 mg) 

below: 

TABLE IX 

Clot wt. 
GROUPS (mg) IHT (s) CKT (s) DTT (s) 

PLACEBO 6.91 - 1.09 26 - 49 22 1.8 19.6 t 1.O 
2 mg HEPARIN 3.41 - 1.08 >42O* >180* >180* 

SN1 5.22 2.17 2458 21.2 - 1.14 19.5 + 1.3 
SN2 5.63 - 1.93 45 - 38 22.1 + 2.80 20.0 - 1.2 
LOVENOX 4.33 1.06* 82 - 56* 24.9 - 0.70 21.3 + 1.3 

3 mg HEPARIN 3.38 - O.S.S >42O* >180* >180* 
SN1 4.73 1.77 51 - 24 22.0 - 1.6 19.5 - O.S 
SN2 5.26 - 1.24 31 - 47. 20.4 1.8 20.8 - 18 
LOVENOX 3.62 O.90* 40 38 29.0 - 1.6 22.0 1.7 

4 mg HEPARIN 2.75 O.91 >42O* >180* >180* 
SN1 4.09 - 1.10 55 43 22.5 + 1.9 19.7 O.9 
SN2 4.72 2.33 36 48 18.6 5.7 19.2 + 0.5 
LOVENOX 3.33 - 0.98 98 76* SO.9 3.98 39.4 1.9* 

5 mg HEPARIN 2.15 O.83* >42O* >180* >180* 
SN1 3.7O 1.28* 42 33 29.5 - 3.6* 24.29.3 
SN2 4.84 + 1.12 45 - 48 22.0 1.3 2O3 + O.7 
SN3 3.52 O.30* 21 - 15 20.8 - 18 19.6+ 1.75 
LOVENOX 2.85 1.14* 389 - 86* >180* >180* 

10 mg HEPARIN O.98 O.82* >42O* >180* >180* 
SN1 3.15 1.21* 71 64* 30.2 - 2.5* 32.6 6.98 
SN2 4.09 - 1.16 36 - 74 23.8 - 17 20.O. O.7 
SN3 2.29 O.40* 57 21 27.0 2.0 23.0 - 1.0 
LOVENOX 1.44 0.48* >42O* >180* >180* 

Clot wt.: Weight of the experimental clot 
IHT: Induced haemorrhage time 
CKT: Cephalin-kaolin time 
DTT: Dilute thrombin time 
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TABLE X-continued 

Weight of 
clot (mg) CKT (sec) DTT (sec) Ti (sec) 

S1 3.23 - 0.61 20.5 + 1.1 19.4 O.8 19.3 0.83 
(4 mg) 
Lovenox 3.48 - 0.94 19.6 O.8 19.7 O.9 19.7 1.09 
(4 mg) 

CKT: Cephalin kaolin time 
DTT: Dilute thrombin time 
Ti: Titrarin (Stago Laboratory) time 
* = p < 0.05 (Mann Whitney test) 

The results obtained show that, for preventive purposes, 
S1 exerts antithrombotic activity which is comparable to that 
of heparin and Lovenox, 24 hours after induction of the 
thrombosis. 

B. Experimental study in rats in a model of thrombosis 
induced by generation of free radicals 

(reference: Doutremepuich-In press-Annales de Car 
diologie et Angiologie) 
The study was carried out with S1 (Example 1) according 

to the following procedure: 
(TO: Subcutaneous injection of the solutions) 
T0+25 min: injection of rose bengal at a dose of 5 mg/kg 
T0+30 min: induction of free radicals in the first arteriole 
by photochemical reaction 

T0:55 min: injection of rose bengal at the same dose 
T0+60 min: induction of free radicals in the second 

arteriole 

T0+85 min: injection of rose bengal at the same dose 
T0+90 min: induction of free radicals in a venule. 
After the final thrombosis, a blood Sample is taken intra 

cardially. 
The excitation time is Set at 2 minutes and the observation 

time at 10 minutes. 

The results given in Table XI below are obtained: 

TABLE XI 

HEPARIN 
CONTROL S1 (2 mg/kg) (2 mg/kg) 

Arteriole TO -- 3O' 

Duration of 4.50 - 0.82 9.68 0.44 6.80 - 232 
embolization 
(min) 
Number of 12.00 + 2.45 4.OO 3.56* 3.56 2.12* 
emboli 
Arteriole TO -- 60' 

Duration of 3.49 0.36 9.81 - 0.25* 5.9, 3.6 
embolization 
(min) 
Number of 7.33 O.47 5.00 + 2.45 4.56 3.6 
emboli 
Venule TO -- 90' 

Duration of 4.53 + 2.04 3.68 - 2.06 
embolization 
(min) 
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TABLE XI-continued 

HEPARIN 
CONTROL S1 (2 mg/kg) (2 mg/kg) 

Number of 7.OO 4.32 4.OO 141 
emboli 

Duration of embolization: time between the first embolus 
and the final embolus detaching from the clot. 
Number of emboli: number of emboli detaching from the 

clot. 

In this model of thrombosis induced by free radicals, the 
Supernatant S1 (Example 1) exerts significant antithrom 
botic activity when compared with the placebo group, which 
persists after 90 minutes (T0+90 min). This activity is higher 
than that of heparin injected at the same dose, after 30 and 
60 minutes (T0+30 and T0+60 min). 

C. Experimental study in rats in a model of thrombosis 
induced by endothelial lesion with a laser (Ref.: Vesvres, 
Haemostasis 1993, 23, 8–12). 

a. Study 1 
The Study was carried out according to the following 

procedure: 
T0. Subcutaneous injection of the test Substance at a dose 

of 2 mg/kg. 
T0+35 min: induction of the arterial thrombosis using a 

laser beam. 
The observation time is set at 10 minutes. 
The results obtained are given in Table XII below: 

TABLE XII 

TO + 35 (ARTERIAL THROMBOSIS) 

HEPARIN 
CONTROL S1 (2 mg/kg) (2 mg/kg) 

Number of 1.2 + 0.4 2.0 + 1.4 2.53.3 
laser 
strikes 
Number of 10.2 - 2.7 1.5 O.7* 3.3 2.4 
emboli 
Duration of 6.3 1.8 1.O. O.O 2.1 - 18 
embolization 
(min) 

S1 exerts antithrombotic activity comparable to that of 
non-neutralized heparin injected at the same dose and 
reduces the number of emboli as well as the duration of 
embolization in a Statistically significant manner. 

b. Study 2 
The Study was carried out according to the following 

procedure: 
T0. Subcutaneous injection of the test Substances at a dose 

of 2 mg/kg. 
T0+1 h: induction of the first arterial thrombosis 
T0+3 h: induction of the second arterial thrombosis 
T0+6 h: induction of the third arterial thrombosis. 
The observation time is set at 10 minutes. 
The results obtained are given in Table XIII below: 
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TABLE XIII 

TO + 1 h. TO + 3 h. TO + 6 h 

S1 Hep S1 Hep S1 Hep 

Number of 1.6 - 0.5 1.6 - 0.5 2.0 O.O 1.6 - 0.5 1.6 - 0.5 1.0 - 0.0 
laser strikes 
Number of 3.0 - 1.0 5.0 - 1.7 5.3 + 3.5 6.7 - 1.2 8.3 + 3.0 7.5 - 2.1 
emboli 
Duration of 1.3 - 0.5 2.6+ 1.2 2.3 - 1.5 3.0 - 1.0 4.3 + 2.4 3.0 - 1.4 
embolization 

S1 exerts antithrombotic activity comparable to that of 
heparin which has not been neutralized with protamine. 

In conclusion, the studies described above show that 
antithrombotic activity is observed in the three models of 
experimental thrombosis, namely the venous model induced 
by stasis, the model of arterial thrombosis induced by free 
radicals and the model of arterial thrombosis induced by 
endothelial lesion with a laser. 

According to the invention, the heparin fraction obtained 
from a low molecular weight heparin, “Enoxaparine' 
(Lovenox), has higher antithrombotic activity than that of 
the same low molecular weight heparin not treated in Vitro 
with protamine and also higher than that of fractions 
obtained from non-fractionated heparins not treated in Vitro 
with protamine, while at the same time no longer presenting 
any risk of haemorrhaging. 
The process according to the invention makes it possible, 

in a simple and inexpensive manner, to Substantially elimi 
nate the haemorrhagic activity of heparins while at the same 
time retaining their antithrombotic activity. 
We claim: 
1. A heparin composition having antithrombotic activity 

and reduced hemorrhagic activity as expressed by an 
Induced Hemorrhagic Time (IHT) which is decreased by at 
least /3 compared to unfactionated heparin, consisting essen 
tially of a Supernatant resulting from centrifugation of the in 
Vitro neutralization mixture of a heparin Solution with a 
protamine Solution. 

2. The composition of claim 1 wherein the Supernatant 
consists of heparin fractions, at least 25% of which have a 
molecular weight of less than 2.5 kDa. 

3. The composition of claim 2 wherein the Supernatant 
consists of fractions, at least 40% of which have a molecular 
weight greater than 20 kDa. 

4. The composition of claim 2 wherein the Supernatant 
consists of fractions with a molecular weight of less than 2.5 
kDa. 

5. The composition of claim 4 wherein the Supernatant 
consists of a fraction having the molecular mass distribution 
given in Table II. 

6. The composition of claim 2 wherein the Supernatant 
consists of a fraction having the molecular mass distribution 
given in Table I. 

7. A pharmaceutical composition for inhibition of the 
hydrolytic activity of human leucocyte elastase consisting 
essentially of the composition of claim 1 and a pharmaceu 
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tically acceptable carrier in an amount effective to inhibit 
human leucocyte elastase. 

8. Pharmaceutical composition according to claim 7, 
wherein the composition is in a form which is suitable for 
broncho-pulmonary administration. 

9. A method of inhibiting the hydrolytic activity of human 
leucocyte elastase in warm-blooded animals comprising 
administering to a warm-blooded animal an effective 
amount of a heparin composition according to claim 1. 

10. The method of claim 9 wherein the heparin compo 
Sition is administered by broncho-pulmonary route. 

11. The composition of claim 1 wherein the heparin is 
unfractionated. 

12. The composition of claim 1 wherein the heparin is a 
low molecular weight heparin. 

13. A proceSS for the preparation of the composition of 
claim 1 consisting essentially of contacting a heparin Solu 
tion and a protamine Salt Solution to effect in Vitro neutral 
ization of heparin, centrifuging the resulting mixture and 
recovering the Supernatant. 

14. The process according to claim 13, wherein the 
protamine Salt is protamine Sulphate. 

15. The process according to claim 13, wherein the 
heparin and the protamine are used in a ratio of 1 to 1. 

16. The process according to claim 13, wherein the 
heparin and the protamine are used in a ratio of 1 to 2. 

17. The process according to claim 13, wherein non 
fractionated heparin is neutralized. 

18. The process according to claims 13, wherein low 
molecular weight heparin is neutralized. 

19. A method of inducing antithrombotic activity in 
warm-blooded animals comprising administering to a warm 
blooded animal an antithrombotically effective amount of a 
composition of claim 1 which has reduced hemorrhagic 
activity and a pharmaceutically acceptable carrier in an 
amount effective to inhibit human leucocyte elastase. 

20. The method of claim 19 wherein the heparin compo 
Sition is administered by injection. 

21. A pharmaceutical composition consisting essentially 
of an antithrombotically effective amount of the composition 
of claim 1 and a pharmaceutically acceptable vehicle. 

22. The pharmaceutical composition of claim 21 in the 
form of an injectable Solution. 


